Abstract-The aim of this research is to investigate the effect of ambient air temperature on the steam generation. A parametric study was performed based on exergy analysis to study the impact of ambient air temperature on second law of efficiency, irreversibility and adiabatic flame temperature of steam generation. The results showed that at 25 percent excess air and with the range of ambient air temperature from 25 oC to 100 oC, the adiabatic flame temperature increases from 2015 oC to 2065 oC. Also the results showed that the second law efficiency and irreversibility ranges from 40.295% to 40.290% and 494.063 MJ to 494.161 MJ, respectively as the ambient air temperature increases from 25 oC to 100 oC. It is included that the ambient air temperature has a minimum impact on adiabatic flame temperature and insignificant impact on both the second law efficiency and irreversibility of overall steam generation. Also the combustion chamber and heat transfer sections of steam generation were studied by using exergy analysis. It was concluded that the ambient air temperature has a minimum impact on both combustion chamber and heat transfer sections.
I. INTRODUCTION
The steam generation, frequently called boiler, is used to transfer heat from the products of combustion to water, and produces hot water or steam. The fuel and excess air at ambient air temperature are burned into the combustion chamber and produce hot gases at high temperature. The produced gases are travelled along the heat transfer exchanger to heat the water into steam by radiation and then exhausted to flare stack.
The effect of the variation of ambient air temperature on the performance of steam generation and power plant have been reported by several authors. The combustion chamber is the major contributor for exergy destruction of the power plant followed by heat exchanger of boiler system [1] - [4] . It was observed that decreasing the fraction of excess air from 40% to 15% increases the exergy efficiency by 0.37% of steam power plant [2] . A reduce of 1 o C temperature of inlet air temperature to the combustion chamber increases the power output of gas turbine plant by approximately 0.7 MW [5] . It is observed that the power of gas turbine decreases with the increase of ambient air temperature due to reduction in air mass flowrate [6] . The ambient temperature play a very important role during the prediction of the performance of combine cycle power plant [7] , [8] . It was shown that the exergy destruction in combustion chamber decreases with an increase in ambient temperature from 0.21 to 0.35% for every o C rise in ambient temperature while the exergy destruction in compressor, gas turbine, HRSG and steam turbine increases with an increase in ambient temperature from 0.32 to 0.35% for every o C rise in ambient temperature [9] . Also it was observed that the combined cycle loses it efficiency by about 0.04% for every o C rise in ambient temperature while the gas turbine cycle efficiency decreases by 0.03 to 0.07% for every o C rise in ambient temperature [9] . It was included that as the ambient air temperature of power plant increases by 35 o C, the net power output from GT is found to be decreased by 24% and GT plant efficiency is decreased by 9% , while the power output from steam turbine is found to decrease by 9% [10] .
Most of the researchers have used Exergy analysis to evaluate the power plant [2] - [4] , [8] , [9] . Exergy analysis, which is based on the second law of thermodynamics, has been found to be a potential tool for enhancing the understanding of system performance by determining the amount of irreversibilities. The irreversibility involved in the component of any system can be quantitatively measured with the help of exergy loss. Since the steam generator is the major contributor of the exergy destruction, the focus on this paper will be on steam generator. It is noticed that from literature that researchers have investigated the impact of ambient air temperature on the exergy destruction in the combustion chamber and heat transfer only. Therefore in this paper the impact of ambient air temperature on the exergy destruction in the overall steam generator will be discussed and studied. So the effect of the ambient air temperature on the overall steam generator at different excess air percentages will be discussed in this paper. Generation system is shown in Fig. 1 . The steam generation divided into three section in terms of exergy. The three sections are combustion chamber section, heat transfer section and exhaust section The values of temperature, pressure of the boiler and reheat are actual data [1] . The fuel assumed to be methane with 25% excess air. In this paper, the exergy analysis of combustion chamber section, heat transfer section, exhaust section and overall steam generation will be presented
III. ENERGY AND EXERGY ANALYSIS OF STEAM GENERATION
The steady flow energy balance for adiabatic combustion when the changes in kinetic and potential energies are negligible is as follows [11] 
The exergy analysis of combustion chamber: The total availability of product gases (kJ) leaving the combustion chamber can be calculated as follows [11] 
The exergy of fuel (kJ) and air can be calculated as follows
The combustion irreversibility (kJ) and second law efficiency of combustion (%) can be calculated as follows [11] I comb = ( ᴪ a@Ta + ᴪ f ) -ᴪ P@Tdf
The exergy analysis of Heat Transfer Section:
The boiler first law efficiency (kJ) as follows
The exergy output of boiler (kJ) as follows
The heat transfer irreversibility (kJ) and second law efficiency of heat transfer (%) can be calculated as follows [11] I ht = (ᴪ p@Tdf -ᴪ P@Texh ) -ᴪ b,rh
The exergy analysis of exhaust section:
The total availability of product gases (kJ) leaving to flare stack can be calculated as follows [11] 
ln(y i /y i,00 )
The exergy analysis of overall steam generation:
The steam generation irreversibility (kJ) and second law efficiency of steam generation (%) can be calculated as follows [11] 
IV. RESULTS AND DISCUSSIONS
The parametric study was performed based on the exergy analysis to study the effect of ambient air temperature on the steam generation. The parametric study was performed and the calculations were presented at humidity ratio of 80%.The study investigated the effect of ambient air temperature on the adiabatic flame temperature, irreversibility and second law efficiency of overall steam generation as well as the major sources of irreversibilities in the steam generation such as combustion chamber section and heat transfer section.
The effect of ambient air temperature on the second law efficiency of steam generation at different values of excess air is show Fig. 2 . The results are obtained at humidity ratio of 80% and at four different excess air percentages; 0, 25, 50, and 100%. The fuel was assumed to be at the ambient temperature of 25 o C and 1 atm. As shown in Fig. 2 , the second law efficiency is insensitive to ambient air temperature, for instance at excess air of 25%, the second law efficiency of steam generation ranges from 40.295% to 40.290 as the ambient air temperature increases from 25 o C to 100 o C. Also the results have showed that as the excess air percentages increase the second law efficiency of combustion chamber decrease. This is behavior due to the decrease of adiabatic flame temperature as the excess air percentage increase. The effect of ambient air temperature on irreversibility of steam generation at different values of excess air is show Fig.  3 . The results are obtained at humidity ratio of 80% and at four different excess air percentages; 0, 25, 50, and 100%. The fuel was assumed to be at the ambient temperature of 25 o C and 1 atm. As shown in Fig. 4 , the irreversibility is insensitive to ambient air temperature, at excess air of 25%, the irreversibility ranges from 494.063 MJ to 494.161 MJ. It increases with an increase of ambient air temperatures. Also the results have showed that as the excess air percentages increase the irreversibility of combustion chamber increase. This is behavior due to the decrease of adiabatic flame temperature as the excess air percentage increase. The effect of ambient air temperature on the adiabatic flame temperatures at different values of excess air is show Fig. 4 . The results are obtained at humidity ratio of 80% and at four different excess air percentages; 0, 25, 50, and 100%. The fuel was assumed to be at the ambient temperature of 25 o C and 1 atm. As shown in Fig. 4 , the effect of ambient air temperature on adiabatic flame temperature is minimum. As the ambient air temperature increases the adiabatic flame temperature increases. The figure also shows that as the excess air increases the adiabatic flame temperature decreases. The effect of ambient air temperature on the second law efficiency of combustion chamber at different values of excess air is show Fig. 5 . The results are obtained at humidity ratio of 80% and at four different excess air percentages; 0, 25, 50, and 100%. The fuel was assumed to be at the ambient temperature of 25 o C and 1 atm. As shown in Fig. 5 , at excess air of 25%, the second law efficiency of combustion chamber ranges from 63.7% to 67%. It increases with the increase of ambient air temperature from 25 o C to 100 o C. This behavior due to the increase in the adiabatic flame temperature. Also as shown in Fig. 5 , at ambient air temperature of 25 o C, the second law efficiency of combustion chamber ranges from 70% to 57.2%. It decreases with the increase of excess air from 0% to 100%. This behavior is due to the decrease of adiabatic flame temperature.
The effect of ambient air temperature on the second law efficiency of heat transfer section of steam generation at different values of excess air is show Fig. 6 . The results are obtained at humidity ratio of 80% and at four different excess air percentages; 0, 25, 50, and 100%. The fuel was assumed to be at the ambient temperature of 25 o C and 1 atm. As shown in Fig. 6 , at excess air of 25%, the second law efficiency of heat transfer section ranges from 64.3% to 61.1%. It decreases with the increase of ambient air temperature from 25 o C to 100 o C. This behavior is due to the increase of adiabatic flame temperature, which yield to a increase in the temperature difference between the steam temperature and the adiabatic flame temperature. Also as shown in Fig. 5 , at ambient air temperature of 25 o C, the second law efficiency of heat transfer section ranges from 61.3% to 71.2%. It increases with the increase of excess air from 0% to 100%. This behavior is due to the decrease of adiabatic flame temperature, which yield to a decrease in the temperature difference between the steam temperature and the adiabatic flame temperature.
V. CONCLUSIONS
The present research has investigated the impact of ambient air temperature, which ranges from 25 o C to 100 o C, at four different excess air percentages; 0, 25, 50, and 100% on adiabatic flame temperature, second law efficiency of combustion chamber section and heat transfer section of steam generation and also the overall irreversibility and second law efficiency of steam generation. The calculations were based on Exergy analysis. The results showed that the ambient air temperature has insignificant impact on the second law efficiency and irreversibility of overall steam generation and while it has a minimum impact on adiabatic flame temperature. It was also concluded that the second law efficiency of combustion chamber increases with the increase of ambient air temperature while the second law efficiency of heat transfer decreases with the increase of ambient air temperature. However, the impact of ambient air temperature on both combustion chamber section and heat transfer section is minimum. 
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